The cDNA fragments of a 2 kb gene, encoding the housefly acetylcholinesterase (AChE) were compared among 6 strains. While there were 4 substitutions of amino acids in the predicted peptides between Asp 83 and Arg 648 , which is well conserved in insects, the following contrasts were made among the strains. The insecticide susceptible strains, aabys and SRS had Gly 342 and Phe 407 , and the resistant strains, LPR, YBOL and YPRN had Ala 342 and Tyr 407 , with Val 342 unique to YBOL. In addition, Leu 260 was found only in the chiral organophosphate resistant strains, YBOL and YPRN. These results showed that the patterns of single nucleotide polymorphisms, which resulted in amino acid substitutions, can be a practical tool for characterization of the insecticide resistance of houseflies.
INTRODUCTION
The housefly, Musca domestica L., has been shown to transmit enteric pathogens. It was recently singled out again as a vector of Escherichia coli O-157 (Kobayashi et al., 1999) and is still an important pest. Eradication programs often aim at control through successive spraying of insecticides, but result in development of multiple insecticide resistance in this species (Yasutomi et al., 1988) .
Acetylcholinesterase (AChE) is a target of organophosphates and carbamates and the insensitivity of AChE to these chemicals is involved in the insecticide resistant mechanisms of the housefly (Tripathi and O'Brien, 1973) . In Drosophila and Aedes, it has been shown that the insensitivity of this enzyme is conferred by point mutations resulting in different primary structures of the protein by heterologous expression of the mutant AChEs (Mutero et al., 1994; Vaughan et al., 1997) . Houseflies also share equivalent point mutations with Drosophila and Aedes AChEs (Yao et al., 1997) , however the nucleotide sequences of the AChE gene in these strains have not been reported. Therefore it has been difficult to examine the genetic background of insecticide insensitive AChE in insecticide resistant populations by this gene. Here we describe the single nucleotide polymorphisms (SNPs) found in the coding sequences of the AChE cDNA. Some of the SNPs were characteristic of the insecticide resistant strains, and made it possible to discriminate them.
MATERIALS AND METHODS
Housefly strains. Aabys is an insecticide susceptible housefly strain with a recessive morphological marker on each of the 5 autosomes (Liu et al., 1995) . SRS is the standard reference insecticide susceptible strain of the World Health Organization. Cornell-Toyama (CT) is a strain derived from Cornell Susceptible (CS) and maintained in the laboratory of the National Institute of Infectious Diseases (NIID) of Japan. CS was renamed for CT because of the SNPs of AChE gene determined in this study. Some flies of the CS strain had the sequence which was specific for the insecticide resistant strains. LPR was a pyrethroid resistant strain that originated in New York State, U.S.A., and is homogeneous for pyrethroid resistance (Scott and Georghiou, 1985) . MSK, which is an abbreviation of Misaki, is an organophosphate-resistant strain (Hayashi et al., 1973) and is maintained at NIID without insecticide selection. YBOL is a strain established from a field population at the landfill disposal site outside the central breakwaters in Tokyo Bay, and maintained by successive selection with pyraclofos (Lee et al., 1996) . YPRN is a strain derived from YBOL by successive selection with profenofos. One of the insecticide resistant mechanisms in YBOL and YPRN strains is the insensitivity of AChEs to organophosphates.
RT-PCR and DNA sequencing. Five pupae were homogenized for the extraction of RNA by the acid guanidine-phenol-chloroform method (Chomczynski and Sacchi 1987) with Isogen (Nippon Gene), and then cDNA was synthesized with an oligo (dT) 25 primer by SuperScript II (Gibco BRL) at 42°C for 52 min. As the cDNA of the AChE gene was already identified in the aabys strain (Kozaki et al., 2001) , gene specific primers (GSPs) were constructed based on the nucleotide sequence. A cDNA of 2.3 kb was amplified by ExTaq polymerase (TaKaRa) with 25 cycles at 94°C for 15 s, 55°C for 15 s, and 68°C 1.5 min with forward S17 (5Ј-AAAGTGTCAACAGATATTG-3Ј) and reverse AS23 (5Ј-TCGCTACAAATTGT-GCTTC-3Ј) primers. The PCR products were directly sequenced 3 times with the other GSPs following the manufacturer's instruction for the dRhodamine Terminator Kit (PE Applied Biosystems) on ABI PRISM 310 or 370 (PE Applied Biosystems).
RESULTS
cDNA fragments of 2 kb including the open reading frame of AChE were sequenced for the 6 strains. The predicted amino acid sequences were compared. Some deletions or insertions were found in the N-terminal region, and 8 substitutions were found in the N-and C-terminal regions (Fig. 1) .
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T. Kozaki et al. There were 4 substitutions between Asp 83 and Arg 648 (Table 1) , where the primary structure was well conserved among the mature protein of the insect AChEs which have been reported for Aedes aegypti (Anthony et al., 1995) , Anopheles stephensi (Hall and Malcom, 1991) , Drosophila melanogaster (Hall and Spierer, 1986) , Leptinotarsa decemlineata (Zhu and Clark, 1995) , Lucilia cuprina (Chen et al., unpublished, GenBank U88631), Nephotettix cincticeps (Tomita et al., 2000) . As shown in Table 1 , we found 26 SNPs in this region. Some of these were silent and the others resulted in amino acid substitutions. What determined the characteristics of the strain was not the nucleotide sequence but the amino acid sequence.
DISCUSSION
The polymorphisms (Ile 9 to Ser 28 and Thr 666 to Leu 677 ) found in the precursor of the housefly AChE (Fig. 1 ) are thought to have no effect on the activity of AChE because they will engage in the transport of the enzyme and the attachment of it to the membrane. Four point mutations were identical with those in the previous report by Yao et al. (1997) . The insecticide resistant strains, D3 and Kash resemble YBOL and YPRN in that they possess Leu 260 in exchange for Val 260 . If this substitution had occurred along with the development of resistance to the chiral organophosphates in YBOL and YPRN, Leu 260 would indicate that D3 and Kash had also developed resistance to these chemicals. The residue Val 342 in YBOL has not been previously reported. This residue is near the active site of AChE, catalytic triad, when the primary sequence data is conjugated with the X-ray crystal structure of Torpedo AChE (Sussman et al., 1991) . The individual houseflies were genotyped conjugated with the sensitivity of AChE to an organophosphate, fenitroxon, and the flies with Val 342 showed higher I 50 values than the others (Kozaki et al., 2001) . The substitution at this residue from Table 1 . SNPs in the cDNAs encoding AChE in the insecticide susceptible and resistant strains and deduced amino acid residues. Base # and residue # follow those of the aabys strain.
Codon (base #)
Strains GT* GT* CA* AC* AT* GC* *TC GG* GC* CT* G*C AC* CA* TC* TT* T*T CT* GC* CA* GG* GG* TA* CA* CG* GG* GG* (Table 1) , three of them at bases #778, #1025 and #1220 led to the substitutions of amino acids that discriminate the houseflies into different resistances. This implies that these SNPs could indicate the existence of the gene which is characteristic to the insecticide resistant houseflies. Recent improvement of resequencing and mutational analysis, such as DNA chips (Hacia, 1999) , will facilitate the genotyping of individual houseflies more efficiently. The SNPs found in the housefly strains will be useful for the molecular diagnosis of genetic background in the insecticide resistance of housefly.
